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Natur e, scope, and objectives of research

The overall purpose of the proposed project isto synthesize and expand existing research
on water qudity of the White River watershed. In the proposed study, we have two
magor objectives. Fird, wewill review existing literature and ongoing sudiesin the
watershed, synthesize results to date, and present findings to the scientific and public
policy communities through the web ste managed by the SMSU Bull Shods Fed
Station. The second objective isto expand existing research in the region to include
gpecies composition and population dynamics of the plankton. Besides supporting the
Feld Station’s mission of exploring regiond biodiveraty, research on plankton
community dynamicsin the White River lakes will alow agreater understanding of the
causes and consequences of aga blooms both here and in other lakes undergoing
eutrophication.

The White River watershed includes four reservoirs dong the main channd of the White
River: Beaver Lake (in Arkansas), Table Rock Lake, Lake Taneycomo, and Bull Shoals
Lake (Missouri and Arkansas). Over the past 10 years, some of these lakes have
exhibited the early Sgns of deteriorating water qudity, particularly that due to nutrient
loading and eutrophication. Detailed long-term research by Dr. Jack Jones and colleagues
a the University of Missouri has demongtrated significant changesin trangparency,
nutrient levels and algal biomassin Table Rock Lake (Jones and Perkins 1999). For
example, during the past 20 years, average Secchi depth (transparency) has been reduced
from 4.5m to 3m, while both total phosphorus and chlorophyll-a measures increased
(Jones and Perkins 1999: Fig. 2, from regression lines). The graphs dso indicate an
increase in within-year varigbility over this period, suggesting pulses of nutrients during
turnover and more-frequent bloom events. As an example, the James River arm near
Cape Fair experienced sgnificant blooms of agae (especidly crypotomonads, R.
Rhodes, pers. obs.) during the summers of both 1998 and 1999.

Summer algae blooms have aso been observed as early as 1988 in the cold-water Lake
Taneycomo, especidly during periods of low flushing rates (Knowlton and Jones, 1990).
During summer dratification, high dgd biomass leads to high rates of decompostion,
consuming oxygen and ultimately leading to regions of anoxiain the bottom
(hypolimnion) of lakes. One consequence of low oxygen levelsisthat fishesare
redtricted to living closer to the surface, diminating cold-water species. Another
consequence is the occurrence of fish kills downstream from dams. As an example, the
hypolimnion of Bull Shods Lake regularly becomes oxygen depleted, and releases of
oxygertpoor water from the dam have caused fish kills and mgor impacts on the
sdmonid fishery in the tailwaters of the dam (Johnson et d. 1997, cited in Allee 1997).
Using depth profiles of oxygen and lake volumes, Green (1996) computed hypolimnetic



oxygen deficits for Beaver, Table Rock, Bull Shoas, and Norfork lakes, but was unable
to detect clear trends of eutrophication from his regresson models of a 20-year record.
Nevertheless, thereis concern that the deteriorating condition of Table Rock Lake will be
repested in Bull Shods Lake (Wally Green, Missouri Department of Natural Resources,
pers. com., October 28, 1999).

Algd production in most lakes appears to be limited by the concentration of phosphate
(Wetzel 1983, Edmondson 1991). Thus excess phosphorus loading leads to accelerated
eutrophication, such as was earlier demongtrated in Lake Erie and Lake Washington
(Edmondson 1991). Such atrend between phosphate and eutrophication (as measured by
dgd biomass) is gpparent from extensive surveys of lakesin Missouri (Jones and
Knowlton 1993). Time series sudies of Table Rock Lake and other White River lakes
a0 reveds that enhanced dgal biomassis linked to loading with excess phosphate
(Jones and Perkins 1999). Nevertheless, the specific sources of this excess nutrient to the
White River lakes are unknown. Point sources include wastewater trestment plantsin the
areaand above mgjor rivers, such as the James River. Non-point-source pollution likely
contributes the mgority of the nutrient load (Bruce Perkins, University of Missouri, pers.
com.). Such sourcesinclude an increased density of poultry farmsin Arkansas and
Missouri and the application of their wastes as fertilizer to fields subject to runoff

(Smith, 1999). Rapid development of Branson, areas around Table Rock Lake, and areas
upstream has aso lead to an increased dengity of septic tanks in the watershed.

The concern over deteriorating water qudity of the White River lakes and potentia
impacts on the large tourism industry of the area led to arecent conference (The White
River Basn Water Quaity Forum, Branson, October 27, 1999), at which a Memorandum
of Agreement was signed between the Missouri Department of Natural Resources, the
Arkansas Department of Environmenta Qudlity, and the Arkansas Soil and Water
Consarvation Commission. In addition, the federa government has recently allocated
$5.5 million to improving phosphorus remova a sewage trestment facilities of small
towns and of determining ways for controlling non-point-source rel eases of phosphorus
(Springfield News Leader, October 16, 1999).

Thereis dearly aneed for solid basdine environmental data againgt which future
changesin the White River lakes can be measured. Currently, multiple agencies and
organizations have ongoing studies in these lakes. The U.S. Army Corps of Engineers
samples near the dams of Beaver, Table Rock, and Bull Shoas lakes. Numerous other
groups sample Table Rock Lake. The Missouri Department of Natural Resources
samples the James River arm of the lake, near Boisd' Arc (D. Leyland, pers. com.). The
University of Missouri samples eight Sites on the lake at least once a month (Dr. Jack
Jones, pers. com.). The primary emphasis of dl these Sudiesisto examine nutrient
loading and effects on dgal biomass and water clarity. In addition, volunteers with the
Lakes of Missouri program sample some sites on Table Rock, Taneycomo, and Bull
Shoals (F. Pope, University of Missouri, pers. com.), contributing useful information on
water clarity. Other groups are studying land use and streams draining into the lakes.
Using Geographic Information Systems, the Missouri Department of Natural Resources
has mapped land use in the watershed (DNR 1999). The Missouri Department of
Conservation is currently mapping the location of sampling Stesin the drainage by
volunteers with the Missouri Stream Team (R. Schulz, MDC, pers. com.).



Since so many different agencies are involved, coordination amnong studies is difficult.
Thereisthus aneed for thorough synthess of existing information on past sudies and
ongoing studies of these lakes.  Furthermore, since the gae include awide variety of
taxa having large physiologica differences (Van den Hoek et d. 1995), the composition
of dgd bloomsisimportant for explaining thar effects (Steidinger et d. 1998). Thereis
thus a need to examine the composition of agae which dominate during bloom periods.
Zooplankton are important grazers of dgae and it iswell known that during periods of
high zooplankton abundance, water has a high clarity (called the “clear water phase’;
Edmondson 1991, Lampert and Sommer 1997). The zooplankton subsequently serve as
food for larva fish. Food chain effects (“top-down effects’) sometimes provide an
additiona explanation for the clarity of lakes (Edmondson 1991).

The objectives of the current study are to synthesize existing water qudity data on the
White River watershed and to initiate biomonitoring research at the Bull Shods Fed
Station.

Methods, procedures, and objectives of resear ch

In the current study, we will first conduct a thorough literature review of past studies and
ongoing studies within the White River watershed, synthesize this information, and place
the information in a database ble through an internet web ste. Second, we will
edtablish awater quality monitoring program at the Bull Shoals Field Station, collecting
limnologica data, nutrient and chlorophyll samples, and samples of dgee and
zooplankton. Southwest Missouri State University has recently established the Bull
Shods Fidd Station (http://Aww.cnas.smsu.edu/bull shod s/Default.htm) as aste for
research on southwest Missouri ecosystems. The location of the Field Station,
overlooking the western end of Bull Shods Lake and ca. 15 miles from Branson, gives
the University a prime location for monitoring water qudity of the White River

watershed. A number of working hypotheses (below) guide our water quality monitoring
and focus primarily on eutrophication.

Literature and data synthess. In support of the new Fidd Station, we have recently
begun aliterature review focused on studies conducted in the upper White River
watershed and of the Ozarks region asawhole. In the proposed study, we will
exhaugtively search refereed literature, Master’ s and Ph.D. theses, government reports,
and other articles and books. The search will include visits to area academic libraries and
agency headquarters, as well asinternet-based searches. Complete citations and abstracts
from each item of literature will be listed in a dynamic database, using Microsoft Access.
The database will beimported into the web ste for the Bull Shoads Field Station (URL
above). Theweb site, in turn, will be cross linked with other web sites of interest (e.g.,
U.S. Geologica Survey and Missouri Department of Conservation). This proposed web
gtewill provide an information base to support research by users of the Bull Shoas Fidd
Station, aswell as others needing information about the White River drainage. We expect
awide variety of usersto be served by this site, including researchers, teachers, planners,
business owners, and government officids.

We will dso search, through persona communications and internet searches, for detailed
information on existing sampling programs. These data will be presented viamaps and
tables. Development of this data base will alow better coordination of existing programs
and can later be incorporated into a Geographic Information System.




We plan to incorporate the database and web-based methods devel oped by the NSF-
supported Long Term Ecologica Research program (http:/Iternet.edw/) and the
Organization for Biological Fidd Stations (hitp:/Amww.obfs.org/).

Water qudity monitoring. We will collect field data and samples from Bull Shods Lake
on asmilar sampling schedule to that of our University of Missouri collaborators
working on Table Rock Lake (every 3 weeks during May-October, monthly November-
April; totdl ca. 15 sample dates). Such coordination will dlow usto examine the timing
of events a the two lakes. Furthermore, the Univeraity of Missouri group will provide us
with free samples of algae and zooplankton from Table Rock Lake (Dr. Jack Jones, pers.
com.), which we can then compare with Bull Shoals Lake.

Physical measurements. Our routine collections from Bull Shods Lake will occur a
two pdagic dtesin the main channel of Bull Shods Lake. Site 1 will bein the western
end of the lake, near the Bull Shods Fidd Station, in Taney County, Missouri. Thisste
isriverinein character and has amaximum depth of ca. 20 m. Site 2 will bein eastern
end of the lake, near the dam, in Marion County, Arkansas. Thisgteislacudrinein
character and has a maximum depth of ca. 40 m. Limnological measurements at each Ste
and on each sampling date will include Secchi depth (trangparency) and a depth profile of
temperature and dissolved oxygen, usng aY S digitd oxygen meter. The depth profile
will extend every meter from the surface to the bottom or to 30 m.

Based upon prior knowledge of lake and reservoir systemsin generd (Lampert and
Sommer 1997) and prior data on the higher fertility of Table Rock Lake (Jones and
Knowlton 1993), we can make the following predictions.

A clear water phase will occur during late spring in eech lake.

Secchi trangparency will tend to be greater in Bull Shods than Table Rock and

transparency at lacudtrine sites will be gregter than in riverine Sites.

The annua range of variationin Secchi trangparency will be greater in Table Rock

than in Bull Shods Lake.

Water chemistry. Samplesfor water chemisiry parameters will be taken by grab samples
from ca. 0.5 m depth. Four 1-L samples will be collected and composited. From this
pooled sample, 125-mL subsamples will be taken for tota nitrogen and total phosphorus.
Chlorophyll-aand totd suspended solids samples will be collected by filtering 250-mL
and 1-L subsamples, respectively, through glass fiber filters, dessicated, and transported
onice. These sampleswill then be stored frozen, prior to shipping for andysis by the
laboratory of Dr. Jack Jones (University of Missouri). Contracting their analyses of these
samples will ensure that andyses from the two lakes are comparable.

Based upon knowledge of lakesin generd (Wetzdl 1983, Lampert and Sommer 1997)
and prior research from lakesin this region of the country (Jones and Knowlton 1993),
we can make the following predictions:

Algd biomass (as chlorophyll-a) will show a strong positive corrdation with total

phosphorus concentration.

Secchi trangparency will show awesk negative correlaion with aga biomass.
Plankton analysis. Samples for dgae (phytoplankton) will be collected on each date
using a Kemmerer water bottle from multiple depths, composited, and then preserved
with Lugol’siodine (Edmondson 1959). Zooplankton will be sampled by vertical tows,
from 10 m depth to the surface, using a calibrated 80 mm-mesh Wisconsin net. The
zooplankton will be anaesthesized with cold CO,, then preserved with cold buffered




sugar formain (Prepas 1978). Besides these samples from Bull Shods Lake, the
Univergty of Missouri group will provide us numerous samples of dgae and zooplankton
from Table Rock Lake. They will vidit eight Sitesin Table Rock Lake on aroutine basis
and do a least one longitudind survey aong the James River and Long Creek arms of the
lake. Thus, over dl dates, gpproximately 170 tota collections of agae and zooplankton
will be made (30 in Bull Shodls, 140 in Table Rock). These collections will cover dates
and areas which should show trangitions between good and poor water qudity, so we
expect to find consderable variation in plankton community compodtion and dynamics.
Algee and zooplankton sampleswill be andlyzed at the highest practica magnification.
Subsamples of agae will beidentified to species and counted a 400X using the Utermohl
technique and a Letz inverted microscope.  Zooplankton will be identified at 25-100X,
classfied to species (cladocerans) or genera (copepods and rotifers) and subsamples
counted by standard techniques.
The species composition of these plankton will be compared among sites and dates.
Limited literature exist on species composition. Previous work on Bull Shoals Lake has
reported algae to genera (Allee 1997) and zooplankton to species (Damico 1973, Allee
1997). A recent survey by our group provided a specieslist for the summer zooplankton
community from al the lakes in the White River drainage (Havel and Eisenbacher,
unpublished). Typicaly, zooplankton communities change in compostion with the
seasons (Lampert and Sommer 1997), so the proposed study will likely detect numerous
gpecies not previoudy reported.
Pankton will be further andyzed with severd descriptive and graphic measures. Species
diversity and percent composition of the magor groups of dgae will be caculated. Since
cdl szeis highly variable, percent composition will instead be based upon biovolume,
using published estimates of cdl and colony volumes (Kirschtd 1992 and Kirschtel
1996). Totd dga biovolume will later be compared to chlorophyll-a estimates, which
should be closdly corrdated with algal biomass. Abundance of tota zooplankton,
particularly of the mogt-important grazers (e.g., Daphnia) will be compared with dgd
biomass and periods of dominance by blue-green dgeae.
Based upon prior understanding of lakesin generd (Lampert and Sommer 1997) and
persond observations on plankton of this region, we can make the following predictions:

Tota dgd abundance and biomass will each show strong varigtion over time.

Algd composition during summer blooms will be dominated by dinoflagdllates and

blue-green dgee.

During dgd blooms, zooplankton will be dominated by copepods and during clear

water periods zooplankton will be dominated by cladocerans.

During dgd blooms, taxonomic diversty of zooplankton will be less than during

clear water periods.
Related resear ch (see Nature, scope, and objectives above)
Relevance of the project
Relevance to Missouri needs and internationa sgnificance. The upper White River
region, near Branson, Missouri, has experienced significant growth in the past 10 years,
with development of a $1.5 billion tourism industry, including entertainment & area
shows and amusement parks. Over 6 million tourists are attracted each year to area lakes,
which are widdly known to have good fishing and high water dlarity (e.g., see Jones and




Knowlton 1993). The recent declinein water quality (Jones and Perkins 1999) threatens
thistourigt industry, as well asthe naturd ecology of this system.
During 1999, an dgae bloom in the James River arm of Table Rock Lake |asted severd
months (D. Leyland, Missouri Department of Natura Resources, pers. com.). This
bloom was readily visible to casua observers and attracted considerable media attention.
Algee blooms are generdly known to be responsible for taste and odor problems for
public water supplies (Van den Hoek et a. 1995, Y oungsteadt and Gumucio 1994). In
addition, some fish kills are linked to dgae blooms. For example, fish killsin Stockton
Lake, Missouri, and in Indian Lake, Horida, were linked to blooms of the dgd
dinoflagdlate Gymnodinium (Fields and Rhodes 1991, Steidinger et d. 1998). Fish kills
of agrester magnitude, together with human hedth effects, have been reported for
ancther dinoflagellate (Pfiesteria), which lives in estuaries on the east coast (Burkholder
1999). A fish kill occurred in Table Rock Lake during the summer of 1999, though this
event was likely from bacterid infections following paragitism by protozoans (W.
Anderson, Missouri Department of Conservation, pers. com.). Numerous other fish kills
have been noted in White River arealakes and streams (Baylis and Vitello 1999).
Future research and funding. The proposed study is linked to the mission of the SMSU
Bull ShodsField Station. The Fidd Station recelves an operations budget from the
Universty and we are soliciting funding from the Nationa Science Foundation for
facilitiesimprovement. Scientific work at the Fidld Station will be supported from
externd grants. Besides providing useful information for ongoing studies of the White
River drainage, the proposed grant will help make the Field Station attractive to outside
investigators and future funding from the National Science Foundation. To extend
research on the White River drainage, we intend to solicit funding from the U.S.
Environmental Protection Agency, through the “319 grant” program through the Missouri
Department of Naturad Resources. Since a Sizable fraction of the nutrient loading
gpparently comes from non-point sources, including area agriculture, we d o intend to
pursue funding opportunities through the U.S. Department of Agriculture. Findly, an
exotic species of the zooplankter Daphnia has recently invaded arealakes, where it
dominates during late summer (Havel et d. 1995). This discovery spurred recent grants
from the Nationa Science Foundation. A future grant proposd may examine the role of
these important grazersin controlling blue-green agae growth.
Student involvement. The proposed project will employ one 12-month graduate
research assstant and a part-time student worker. (See Training potentid above.)
Literaturecited

Alleg, RJ. 1997. Use of satdlliteimagery to monitor various parameters of Bull

Shoals Reservoir, Arkansas, USA. Ph.D. thesis, University of Arkansss.

Baylis, M, and C. Vitdlo. 1999. White River watershed: Inventory and

assessment. Missouri Department of Conservation.

Burkholder, JM. 1999. The lurking perils of Pfiesteria. Scientific American 281:

42-49.

Department of Natural Resources. 1999. Upper White River Basin. (GIS maps

produced by Thomas W. del_eon). White River Basn Water Qudity Forum,

Branson.




Damico, SA. 1973. The limnetic zooplankton of Beaver and Bull Shods
reservoirs. composition, seasond abundance, structure, and vertica migration.
Ph.D. thess, University of Arkansss.

Edmondson, W.T. 1959. Freshwater biology. Wiley.

Edmondson, W.T. 1991. The uses of ecology: Lake Washington and beyond.
Univergty of Washington Press.

Fields, S. D. and R. G. Rhodes. 1991. Ingestion and retention of Chroomonas
spp. (Cryptophyceae) by Gymnodinium acidotum (Dinophycese). J. Phycology
27:525-529,

Green, W.R. 1996. Eutrophication trends inferred from hypolimnetic dissolved-
oxygen dynamics within selected White River reservoirs, Northern Arkansas-
Southern Missouri, 1974-94. U.S. Geologica Survey, Water Resources
Investigations Report 96-4096.

Have, JE., W.R. Mabee, and JR. Jones. 1995. Invasion of the exotic cladoceran
Daphnia lumholtz into North American reservoirs. Canadian Journal of
Fisheries and Aquatic Sciences 52: 151-160.

Johnson, JE., RJ. Allee, and K.S. Flores. 1996. Limnology and habitat available
for cool-water fishes in four Arkansas reservoirs: Beaver, Bull Shods, Norfork,
and Ouachita. Fina report to Arkansas Game and Fish Commission and U.S.
Fish and Wildlife Service. Arkansas Cooperative Fish and Wildlife Research
Unit, Univerdty of Arkansas, Fayetteville,

Jones, JR., and M.F. Knowlton. 1993. Limnology of Missouri Reservoirs. An
andysis of regiond patterns. Lake and Reservoir Management 8: 17-30.

Jones, J.R., and B. Perkins. 1999. Table Rock Lake: an evaluation of factors
regulating itstrophic state. Find Report to Missouri Department of Natural
Resources and U.S. Environmental Protection Agency. University of Missouri.
Kirschtel, D.B. 1992. Cd culating the biovolume and surface area of irregularly-
shaped diatoms. Bulletin, North American Benthological Society 9: 159.
Kirschtel, D.B. 1996. BIOVOL Ver. 2.1,

http:/Aww.uvm.edu/~dkirscht/biovol .html

Knowlton, M.F., and J.R. Jones. 1993. Occurrence and prediction of dga blooms
in Lake Taneycomo. Lake and Reservoir Management 6: 143-152.

Lampert, W., and U. Sommer. 1997. Limnoecology: the ecology of lakes and
greams. Oxford University Press.

Prepas, E. 1978. Sugar-frosted Daphnia: an improved fixation technique for
Cladocera. Limnology and Oceanography 23: 557-559.

Smith, E. 1999. Arkansas Soil and Water Conservation Commission, Arkansas
water quality report, presentation a White River Basin Forum, October 27, 1999,
Branson, Missouri.

Steidinger, K.A., JH. Landsberg, W.W. Truby, and B.S. Roberts. 1998. First
report of Gymnodinium pulibellum (Dinophyceae) in North America and
associated fish killsin the Indian River, Florida. J. Phycology 34: 431-437.

Van den Hoek, C., D.G. Mann, and H.M. Jahns. 1995. Algae: an introduction to
phycology. Cambridge University Press.

Wetzel, RG. 1983. Limnology. Saunders, 2" edition.



Y oungsteadt, N.W., and R.J. Gumucio. 1994. McDanid-Fellows watershed data,
1982-1992. City Utilities of Springfield, Missouri.



